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&RORUPRGHOV
7KHVNLQFRORUPRGHOLVDQDOJHEUDLFDQDO\WLFRUORRNXSWDEOHIRUPVWKHFRORURIZKLFKSL[HOVEHORQJWR
WKHFRORURUFKDUDFWHUL]DWLRQRIWKHGHJUHHRIVLPLODULW\RIWKHFRORURIDSL[HOFRORU6NLQFRORUPRGHOFRORU
GHWHFWLRQ LV GLYLGHG LQWR WZR VWDJHV PRGHO DQG DSSOLFDWLRQ RI WKH PRGHO 0RGHO LV PDLQO\ IRU VWDWLVWLFDO
DQDO\VLVRIDODUJHQXPEHURIFRORUSL[HOVVHWDQGWKHQGHWHUPLQHWKHSDUDPHWHUVLQWKHPRGHOWKHXVHRIWKH
PRGHO FRORU PRGHO HVWDEOLVKHG WR GLVWLQJXLVK WKH LQSXW SL[HO RU UHJLRQ IRU FRORU RU JLYH WKH GHJUHH RI
VLPLODULW\ZLWKWKHFRORU
,QOLQHZLWKWKHQRUPDOGLVWULEXWLRQRIWKHFRORUVDPSOHVKDOOFRQIRUPWRWKH*DXVVLDQGLVWULEXWLRQLQWKH
IHDWXUHVSDFHZHXVHWKH*DXVVLDQPRGHOWRFUHDWHWKHFRORUPRGHOLQ<&E&UVSDFH7KLVDSSURDFKLVWKHXVH
RIVWDWLVWLFDOWKHRU\WKHPDWKHPDWLFDOH[SUHVVLRQRIWKHIRUPRI*DXVVLDQGLVWULEXWLRQLVVLPSOHDQGLQWXLWLYH
EXWDOVRWKHVWDWLVWLFVPRUHLQGHSWKVWXG\LQDQRUPDOPRGHOVRLW¶VWRXVHKDVFHUWDLQDGYDQWDJHV
*DXVVLDQPRGHO E\ FRPSXWLQJ WKH SUREDELOLW\ RI SL[HO YDOXHV FRQVWLWXWH FRQWLQXRXV GDWD DQG JHW D VNLQ
SUREDELOLW\PDSEDVHGRQWKHQXPHULFDOVL]HRIWKHFRPSOHWLRQRIWKHFRQILUPDWLRQRIWKHFRORUWRRYHUFRPH
WKHVKRUWFRPLQJVRI WKHJHRPHWULFPRGHOZKLOHKDYLQJ WRFRQVLGHU WKHQHXUDOQHWZRUNPRGHO IRUQRQFRORU
VDPSOH LV GLIILFXOW WR DFFXUDWHO\ H[WUDFWHG 7KHUHIRUH ZH VHOHFWHG WZRGLPHQVLRQDO *DXVVLDQ IXQFWLRQ WR
VLPXODWHWKHQRUPDOGLVWULEXWLRQRIWKHFRORUWKHVDPSOHV&E&UVSDFH
'HWHFWLRQSURFHVVRIIDFHUHJLRQ
7KHIDFHGHWHFWLRQSURFHVVRIWKLVSDSHULVWKDWWKHLQSXWSLFWXUHLOOXPLQDWLRQFRPSHQVDWLRQHOLPLQDWHWRR
EULJKWWRRGDUNSDUW7KHQFDOFXODWHWKHVLPLODULW\RIWKHLPDJHWRVHSDUDWHVNLQUHJLRQVDQGEDFNJURXQGE\
WKUHVKROGLQJ)LQDOO\ZLWKWKHKLVWRJUDPPHWKRGWRGHWHUPLQHWKDWFRQWDLQVWKHIDFHUHFWDQJOHVRXSDQGGRZQ
DOOIRXUVLGHVWRGLVFDUGQRQIDFHUHJLRQDQGXOWLPDWHO\DSHUVRQ
VIDFHLVGHWHFWHG

)LJXUH'HWHFWLRQSURFHVVRIIDFHUHJLRQ
/LJKWFRPSHQVDWLRQ
/LJKW WKH LVVXHRIFRPSHQVDWLRQKDVEHHQSURSRVHGDYDULHW\RI VROXWLRQ(DUOLHU LV WKHXVHRI WKH LPDJH
HQKDQFHPHQW WHFKQRORJ\PHWKRGV VXFKDV WZRGLPHQVLRQDO*DERU IXQFWLRQ WR VWUHQJWKHQ WKHHGJHFRQWRXU
WKHQRQOLQHDUWUDQVIRUPLPDJHHQKDQFHPHQW6XFKPHWKRGVKDYHDJRRGHIIHFWIRUDSDUWLFXODULPDJHEXWWKH
DSSOLFDWLRQVKDYH WKHLURZQ OLPLWDWLRQV7KHQQRW VHQVLWLYH WRFKDUDFWHULVWLFVRI WKH LOOXPLQDWLRQRI WKH IDFH
LPDJHVXFKDVIDFHRUJDQVWULSHVIHDWXUHWKHLPDJHJUDGLHQWGLUHFWLRQEXWWKH\FDQQRWDYRLGWKHLPDJHOLJKW
WRREULJKWRUWRRGDUNDQGVKDGRZVPDNHWKHLPDJHRIWKHWREHGHWHFWHG7KHIDFHGHWHFWLRQSUREOHPRIORZ
,QWKLVSDSHUDQHZPHWKRGRIFRPSHQVDWLRQIRUGLIIHUHQWOLJKWFRQGLWLRQVWRVROYHWKHQRUPDOGHWHFWLRQRI
KXPDQIDFHVLQFRORULPDJHVXQGHUFRPSOH[OLJKWLQJFRQGLWLRQV7KHPHWKRGFRPELQHVWKHGLIIHUHQWOLJKWLQ
GLIIHUHQW VSDFHEDVHG VROXWLRQ LQFOXGLQJ WKH FRORU EULJKWQHVV RI WKH LPDJH KLVWRJUDP HTXDOL]DWLRQ WR
RYHUFRPHWKHLPDJHRIWKHOLJKWLVWRREULJKWWRRGDUNFKDQJHWKHFRQWUDVWRIWKHLPDJHXVLQJWKHQRQOLQHDU
WUDQVIRUPDWLRQLQRUGHUWRHOLPLQDWHVKDGRZV
1RQOLQHDUDGDSWLYHLOOXPLQDWLRQFRPSHQVDWLRQDOJRULWKPSURFHVVHV
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WKHLPDJHLQWHQVLW\GLVWULEXWLRQDQGWKHQXVLQJDGDSWLYHQRQOLQHDUWUDQVIRUPDWLRQRIWKHLPDJHLVWRREULJKW
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WKH5*%YDOXHRIHDFKSL[HOLVFRQYHUWHGWRWKHFRUUHVSRQGLQJ<&E&UWKHQXVHWKHWZRGLPHQVLRQDO*DXVVLDQ
IXQFWLRQFDQEHVLPLODULW\LWPHDQVWKDWWKHSRVVLELOLW\RIDVNLQFRORU8VXDOO\WKHVLPLODULW\UDQJHEHWZHHQ>
@ VRPHWLPHV WKH FDOFXODWHG YDOXH LV QRW HQWLUHO\ LQ WKLV UDQJH \RX DOVR QHHG WR FDOFXODWH WKH VLPLODULW\
QRUPDOL]HG
7KHVLPLODULW\FDOFXODWLRQPHWKRGVHWWKHYDULDEOH0DQGWKHVLPLODULW\RIWKHILUVWSL[HOLVLQLWLDOL]HGZLWK
WKHYDOXHRI00 3WUDYHUVHWKHHQWLUHLPDJHLI3LM!0WKHQWKH0 3LMFRQWLQXHWRWKHQH[W
SRLQW WUDYHUVH:KHQWUDYHUVLQJWKHHQWLUHLPDJHWKHQWKHVLPLODULW\YDOXHGLYLGHGE\0DVDQHZVLPLODULW\
YDOXH3LM 3LM0$IWHUWKLVSURFHVVWKHVLPLODULW\YDOXHVRIDOOSRLQWVRIWKHLPDJHDUHDOVRRZQHG
E\RQHRI>@7KLVSURFHVVFDQEHVHHQVRWKHVL]HRIWKHVLPLODULW\LVQRWVLPLODUWRWKHH[SHULHQFHJDLQHG
E\WKHVDPSOHYDOXHDQGWKHLPDJHLWVHOIKDVDUHODWLRQVKLSWKLVDOVRVKRZVWKDWWKHSURSRVHGDOJRULWKPXQGHU
GLIIHUHQWFRQGLWLRQVVLPLODULW\WRVSOLWWKHVNLQFRORUDQGQRQFRORUWKHPHWKRGLVDGDSWLYH
,PDJHOLQHDUL]DWLRQILUVWWRILQGWKHWKUHVKROGYDOXHWKDWLVWRILQGRXWWKHFRORUDQGQRQFRORUFXWRIISRLQW
WKHDOJRULWKPLVWRILQGDVLPLODULW\YDOXHWKHYDOXHWRPHHWDOOSRLQWVRQWKHVLPLODULW\RILPDJHVLVJUHDWHU
WKDQWKHYDOXHRIWKHVNLQUHJLRQOHVVWKDQWKHYDOXHRIQRQVNLQUHJLRQV%HIRUHWKUHVKROGVHJPHQWDWLRQILUVW
WKHLPDJHLVILOWHUHGWRUHGXFHWKHLPSDFWRIKLJKIUHTXHQF\QRLVHRIWKHLPDJH/RZSDVVILOWHUWHPSODWHDIWHU
WKH UDWH RI ZDYH OLQHDUL]DWLRQ IRU FRORU VHJPHQWDWLRQ LPDJH SL[HOV ZH XVH D  EODFN UHSUHVHQWV WKH
EDFNJURXQG D ZKLWH UHSUHVHQWV WKH FRORU 7KH VLPLODULW\ RI JUD\VFDOH RQO\ IRU WKH FRQYHQLHQFH RI
REVHUYDWLRQWKHELQDU\REMHFWLVVWLOOWKHQRUPDOL]HGVLPLODULW\YDOXH7KLVLVEHFDXVHWKHVLPLODULW\YDOXHVDUH
GRXEOHSUHFLVLRQGDWDW\SHVVWRUHGKDVDKLJKHUDFFXUDF\%LQDU\LPDJHE\VHOHFWLQJWKHDSSURSULDWHWKUHVKROG
WRREWDLQ
)URP WKH FRPSOH[ EDFNJURXQG WR GLVWLQJXLVK EHWZHHQ WDUJHWV DQG WKHLU VKDSH FRPSOHWHO\ H[WUDFWHG WKH
FKRLFH RI WKUHVKROG LV WKH NH\ ,I WKH WKUHVKROG LV VHOHFWHG WRR KLJK WRR PDQ\ WDUJHW SRLQWV PLVWDNHQO\
FODVVLILHGDVEDFNJURXQGVHOHFWHGWKUHVKROGLVWRRORZWKHRSSRVLWHVLWXDWLRQRFFXUV7KUHVKROGDSSURDFKWKH
JOREDO WKUHVKROG DGDSWLYH WKUHVKROG WKH RSWLPDO WKUHVKROG 9DULRXV DSSURDFKHV KDYH WKHLU DGYDQWDJHV DQG
GLVDGYDQWDJHV+LVWRJUDPRIWKHVLPLODULW\ZDV0W\SHWKHUHDUHWZRSHDNV2QHRIWKHFRORUFRQFHQWUDWHDQG
RWKHUQRQFRORUFRQFHQWUDWH7KHUHIRUHVHOHFWLQJWKHRSWLPDOWKUHVKROGVHJPHQWDWLRQPHWKRG
7KHH[SHULPHQWIRXQGWKDWWKHRSWLPDOWKUHVKROGLVQRWIL[HGLQWKHPLGGOHRIWKHELPRGDOYDOXHEXWDWWKH
LQIOHFWLRQ SRLQW ORFDWHG DW WKH ERWWRP 7KH VLJQLILFDQFH RI WKLV SRLQW UHSUHVHQWV WKH FRORU UHGXFWLRQ LQ WKH
UHJLRQUDWKHUWKDQDVLJQLILFDQWLQFUHDVHLQVNLQDUHD7KHVSHFLILFDSSURDFKLVILUVWVHWWKHWKUHVKROGYDOXHRI
HDFKWLPHLQWHUYDOWRUHGXFHWRXQWLO5HFRUGHDFKWKUHVKROGFKDQJHVDUHFKDQJHVLQWKHQXPEHU
RIFRORUSL[HOVDQGWKHQILQGWKDWWKHWKUHVKROGEHORQJWRWKHFKDQJHVLQVNLQFRORUSL[HOQXPEHUDVWKHRSWLPDO
,QSXWFRORULPDJH
2XWSXWFRORULPDJHV
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WKUHVKROG ,I ZH WKHQ WKH WKUHVKROG LV UHGXFHG D FRORU SL[HO QXPEHU ZLOO LQFUHDVH GUDPDWLFDOO\ LQ IDFW D
VXEVWDQWLDO LQFUHDVH LQ WKH SVHXGRFRORU 7KHUHIRUH WKH WKUHVKROG VHW LV DSSURSULDWH KHUH 7KH H[SHULPHQWV
VKRZ WKDW WKH WKUHVKROG RI WKH UDQJH RI DSSUR[LPDWHO\ > @ WKH DFWXDO WKUHVKROG IRU HDFK LPDJH LV
XQFHUWDLQZLWKWKHLPDJHEDFNJURXQGFRORUDQGRWKHUIDFWRUV
5HPRYDORIQRQIDFHDUHD
,QWKLVSDSHUH[SDQVLRQDQGFRUURVLRQWRJRXQOHVVWKHIDFH&RORUPRGHOLQJIDFHYDOXHVHJPHQWDWLRQPDS
,QWKLVVHJPHQWDWLRQPDSDODUJHQXPEHURIVPDOOUHJLRQDODQGODUJHUFRQQHFWHGUHJLRQVWKHUHDUHVRPHVPDOO
YRLGVZKLFKLVFRQWDLQHGLQWKHLPDJHQRLVH7RDUHDVRIWKHVNLQFRUURVLRQRUH[SDQVLRQSURFHVVLQJWRUHPRYH
QRLVH LQ WKH LPDJH 7KHQ WR DQDO\]H WKH VWDWLVWLFDO FKDUDFWHULVWLFV RI WKH VNLQ FRORU UHJLRQ SUHSURFHVVLQJ
VHJPHQWDWLRQRIFRORUPRVWOLNHO\IDFHUHJLRQ+HUHDUHWKHPRVWFRPPRQO\XVHGFRQGLWLRQLQJUHJLPHQIRUWKH
SURFHVVLQJVWHSVRIWKHSURJUDP
$SKRWRRIDSHRSOHIDFHWKHIDFHRIDOOEDVLFDOO\WKHVDPHVL]H&RORUVHJPHQWDWLRQRIIDFHLPDJHVGXHWR
WKHSUHVHQFHRIQRQVNLQUHJLRQVRIWKHH\HVPRXWKH\HEURZVLQWKHIDFHDUHDWKHUHDUHRQHRUPRUHKROHV
QRQIDFHDUHD)LUVWGHWHFWHGLQWKHVL]HRIWKHKROHUHJLRQFDOFXODWHWKHDYHUDJHWKH\ZLOOKDYHWKHVL]HRI
WKHKXPDQIDFHRIWKHZKROHLPDJHDFFRUGLQJWRWKLVYDOXHWRUHPRYHWKHVL]HLV WRRODUJHRUWRRVPDOOVNLQ
DUHD
E\FRPSXWLQJWKHYDULDQFHRIWKHVNLQDUHDZHFDQIXUWKHUUHPRYHWKHQRQIDFHUHJLRQRIWKHKDQGVDQG
DUPV)DFHUHJLRQGXHWRWKHSUHVHQFHRIQRQVNLQUHJLRQVRIWKHH\HVPRXWKQRVHDQGLWVYDULDQFHWKDQWKH
XQLIRUPFRORURIWKHKDQGVDQGDUPVDQGRWKHUQRQIDFHDUHDWRDODUJHQXPEHU
IRUDSRVVLEOHIDFHUHJLRQDQGLWVDQJOHRIURWDWLRQUHODWLYHWRWKHKRUL]RQWDOGLUHFWLRQLQEHWZHHQVR\RX
FDQGHWHUPLQHWKHURWDWLRQDQJOHLVOHVVWKDQRUJUHDWHUWKDQWKHDUHDRIQRQIDFHUHJLRQ
7KH UHVW RI WKH FRORU DUHD IRU IXUWKHU SURFHVVLQJ KXPDQ IDFH DQG LWV OHQJWK DQGZLGWK UDWLR LV JHQHUDOO\
DERXW)LUVWFDOFXODWH WKHFHQWURLGRI WKHFRORUUHJLRQDQG LWVDQJOHIURPWKHYHUWLFDODQGFRORUURWDWLRQ WR
PDNHLWSHUSHQGLFXODUWRWKHKRUL]RQWDOGLUHFWLRQFDOFXODWHWKHDVSHFWUDWLRRIWKLVDUHD+HUHWDNHWKHKXPDQ
IDFHDVSHFW UDWLRRIDQG WKHDVSHFW UDWLRGRHVQRWPHHW WKLV UDQJHRIDUHDV DUH FRQVLGHUHGQRQIDFH
UHJLRQLVUHPRYHG
$JURXSRISLFWXUHVEHORZVKRZVWKHIDFHLPDJHFORVLQJRSHUDWLRQDIWHUWKHILUVWH[SDQVLRQRIFRUURVLRQ
WKHHIIHFWRIWUHDWPHQWRQWKHVNLQDIWHUPRGHOLQJ
 
D7KH2ULJLQDORIIDFHGHWHFWLRQE0RGHOLQJGLDJUDPRIVNLQFRORU
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 
F7UHDWPHQWUHVXOWVRIH[SDQVLRQFRUURVLRQ
)LJXUH(IIHFWGLDJUDPRIH[SDQVLRQDQGFRUURVLRQWUHDWPHQW
&DQ EH VHHQ IURP )LJXUH  DIWHU H[SDQVLRQ RI SURFHVVLQJ PDQ\ VPDOO VNLQ DUHD DW WKLV WLPH KDV EHHQ
FRQQHFWHG WR UHSDLU WKH KROH LQ WKH VNLQ DUHD DQG WKHQ DIWHU WKH RSHUDWLRQ RI FRUURVLRQ VR WKDW WKH LPDJH
UHVWRUDWLRQSURWRW\SHWRPDLQWDLQWKHRULJLQDOLPDJH8VHIXOLQIRUPDWLRQGRHVQRWFKDQJH:LOOHYHQWXDOO\EH
SDUWRIWRRVPDOOOHVVWKDQSL[HOVUHJLRQGHOHWHG)LJXUHVKRZVWKHUHDOIDFHUHJLRQUHPRYHWKHUHVWRI
WKHQRQIDFHUHJLRQ
 
D7KHSLFWXUHEHIRUHSURFHVVLQJE5HPRYHVVRPHRIWKHQRQIDFHUHJLRQ
)LJXUH(IIHFWGLDJUDPRIUHPRYLQJWKHQRQIDFHDUHD
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)DFHUHJLRQPDUNHGEDVHGRQWKHKLVWRJUDPSURMHFWLRQ
+LVWRJUDP UHIOHFWV WKH VWDWLVWLFDO FKDUDFWHULVWLFV RI VSDWLDO GLVWULEXWLRQ RI LPDJH JUD\ )DFH LPDJHZLWK D
FHUWDLQVKDSHDQGVL]HRIWKHUHJLRQLQWKHELQDU\LPDJHWKHIDFHUHJLRQVKRZWKHFRQWLQXLW\RIWKHIDFHVKDSH
WKHELQDU\LPDJHLQWKHYHUWLFDOKLVWRJUDPDQGOHYHOKLVWRJUDPWKHVWDWLVWLFDOUHVXOWVPDUNHGDVWKHIDFHUHJLRQ
EDVLV6WDWLVWLFDOUHVXOWVEDVHGRQWKHKLVWRJUDPILQGWKHORFDWLRQRIWKHKRUL]RQWDOGLVWULEXWLRQRIIDFHEDVHG
RQWKHFRPELQDWLRQRIIDFLDOFKDUDFWHULVWLFVWRGHWHUPLQHWKHUHFWDQJXODUDUHDRIWKHIDFH
)DFHLQWKHLPDJHLVRIWHQORFDWHGZLWKLQWKHUHFWDQJXODUDUHDPDUNHG5HJLRQDOFDOLEUDWLRQUHVXOWVVKRZQLQ
)LJXUH

)LJXUHODEHORIWKHIDFHUHJLRQ
)URPWKHFKDUW\RXFDQVHHWKHRULJLQDODIWHUVLPLODULW\FDOFXODWLRQELQDU\FRQYHUVLRQUHXVHWKHKLVWRJUDP
SURMHFWLRQWKHIDFHUHJLRQPDUNHGE\WKHGHVLJQUXOHVWRDFKLHYHWKHDQQRWDWLRQRILPDJHVRIKXPDQIDFHV
&RQFOXVLRQV
7KHFRORUFKDUDFWHULVWLFVKLVWRJUDPSURMHFWLRQPHWKRG WRDFKLHYHDFRPSOH[ LPDJHRIKXPDQ IDFHUHJLRQ
VHJPHQWDWLRQ DQG ODEHOLQJ )URP WKH WHVW UHVXOWV WKH DOJRULWKP SURSRVHG LQ WKLV 4 IDFH IURP FRPSOH[
EDFNJURXQGGHWHFWHG
$FNQRZOHGJHPHQWV
7KH ZRUN LV VXSSRUWHG E\ WKH SURMHFW RI 7DQJVKDQ 0XQLFLSDO 6FLHQFH DQG 7HFKQRORJ\

5HIHUHQFHV
>@4X<DQIHQJ:HL-XQ/L;X-LDQ:DQJ6KRXMXH&RPSOH[EDFNJURXQGRIPXOWLSRVHIDFHGHWHFWLRQ
DOJRULWKP>-@&RPSXWHU$LGHG'HVLJQDQG&RPSXWHU*UDSKLFV
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